The influence of Eucalyptus plantations on the structure and composition of macroinvertebrate communities associated with the aquatic fern Salvinia auriculata Aublet were investigated in a high altitude lake bordered by either secondary Atlantic forest or Eucalyptus plantations. Comparisons of the diversity of Chironomidae (Diptera, Insecta) larvae in the littoral zone between these two vegetation types showed higher diversity of larvae in waters bordered by Eucalyptus. The results demonstrated that the predominance of carnivorous taxa among the macroinvertebrate fauna appears to be the major controlling factor for limiting diversity in lake areas bordered by Eucalyptus.
INTRODUCTION
The ecological consequences of Eucalyptus plantations on aquatic biodiversity of the littoral zone are still almost unknown to science. In Brazil, especially in the State of Minas Gerais, a significant part of the Atlantic forest was gradually replaced in the early 1920s with plantation of Eucalyptus trees. These rapidly growing trees were used for charcoal production mainly consumed by metallurgic and cellulose industries (Guerra, 1997) . The Atlantic forest has been reduced to less than 7% of its original vegetation. Less than 1% is primary forest (Fonseca, 1985) .
A principle impact of this gradual deforestation is surface water contamination by fertilizer (200 kg/ha on average) (Guerra, 1997 ) and agrochemicals, which are used to manage the Eucalyptus plantations. In addition, the hilly topography of Minas Gerais (in conjunction with clearcutting) increases erosion and pollution in regional lakes and streams.
Several studies have investigated the effect of Eucalyptus plantations on the structure of natural communities and their diversity (e.g., Bunn, 1988; Pozo, 1993; Canhoto & Graça, 1995; Molinero et al., 1996; Pozo et al., 1997) . Sabará (1994) also demonstrated that the monoculture of Eucalyptus produces a low-quality allochthonous contribution of carbon from the woody litter of branches, in comparison to that produced by secondary Atlantic forest whose leaves are easily decomposed. Sabará (1994) evaluated the potential impacts of Eucalyptus plantations on two natural lakes in Minas Gerais and pointed out that the contribution of allochthonous biomass from secondary forest vegetation is ca. 2.5 times greater than that from Eucalyptus. Furthermore, the former contributes ca. 3 times more soluble carbohydrates, lipids, and crude protein.
Due to the littoral zones of freshwater ecosystems, normally have greater macroinvertebrate diversity especially in association with aquatic macrophytes than do in the lake, bottoms the richness in microhabitats, Macrophytes offer protection from predators, are a direct and indirect source of food, increase the amount of habitat per area of benthos (Newman, 1991; Humphries, 1996) , and are sites for the completion of the life cycles of several aquatic and semi-aquatic organisms (e.g., Pelli, 1988 Pelli, , 1994 . Chironomidae larvae (Diptera, Insecta) are usually present in the fauna of the littoral zone. They are excellent organisms for the study of human impacts on aquatic ecosystems because they exhibit high species richness, wide distribution, and have species that are representative of many functional groups such as shredders, gathering collectors, filter feeders, herbivores, and carnivores (Cranston, 1995; Callisto et al., 1996) .
This study compared shorelines of a lake, one bordered by Eucalyptus plantations and the other by natural forest upon the composition and structure of the macrofauna associated with Salvinia auriculata. Two distinct shorelines of a natural high altitude lake were studied, one directly influenced by a Eucalyptus plantation, and the other bordered by a secondary Atlantic forest. This study examined the relationship between populations of Salvinia auriculata on two distinctly different shorelines and the diversity of its associated macrofauna during the dry and wet seasons of 1997. 
THE STUDY

MATERIAL AND METHODS
In situ measurements of temperature, pH, dissolved oxygen, and electrical conductivity, were made using a H 20 Water Quality Multiprobe (Hydrolab). Water samples were collected with a Van Dorn bottle and fixed for subsequent chemical analysis using the techniques of Mackereth et al. (1978) and Golterman et al. (1978) . Samples of S. auriculata were collected in triplicate using a hand net (250 µm mesh, 0.625 m 2 ) during the dry and rainy periods of 1997. Samples were preserved with formaldehyde solution (10%) for later analysis. The S. auriculata samples were rinsed through a 250 µm mesh sieve and insects sorted under a stereomicroscope. Identification of ma-croinvertebrates was performed according to Wiederholm (1983) , Merritt & Cummins (1988) , Epler (1995) , and Pescador (1997) . Chironomidae larvae were identified at 400X after mounting using a 10% lactophenol solution. Richness, density, and Shannon diversity at base 2 were calculated after larvae identification.
RESULTS AND DISCUSSION
At both shorelines, the results showed that the stand of S. auriculata is the preferred site (ca. 80% total organisms) for macroinvertebrate colonization when compared to the leaves. The majority of organisms were fixed to plant detritus attached to the roots, probably attracted by bacteria, fungi, and yeasts living on the plant detritus. For the S. auriculata populations bordered by Eucalyptus plantations, undecomposed bark and leaves predominated which probably limited colonization by macroinvertebrates. The shoreline bordered by secondary forest was observed to have highly decomposed material, and a higher observed total number of macroinvertebrates.
Numerically, macroinvertebrates were mainly represented by Chironomidae larvae (55.63% ± 4.87%), Oligochaeta (17.1% ± 10.5%), the Odonata (4.1% ± 3.2%), and the Amphipoda Gammaridae (7.6% ± 6.5%) (Table 1) . Planariidae, Hydracarina, Ephemeroptera, Lepidoptera, Coleoptera, Heteroptera, Diptera, Ceratopogonidae, Culicidae, Stratiomyidae, and Tipulidae were found in low numbers. Among the Chironomidae larvae, 18 genera were identified, not including those belonging to the tribe Tanytarsini, most of which have not yet been described for this neotropical region (Fittkau & Reiss, 1973) .
Since Chironomidae dominates the macrofauna and thus have an important ecological role in this lake community, we grouped them into five major categories: a) carnivores, mainly represented by Ablabesmyia, Labrundinia, and Tanypus; b) miners, represented by Goeldichironomus, Beardius, Polypedilum, Nimbocera, Parachironomus, Asheum, Harnischia, Phaenopsectra, and Xestochironomus (following Epler, 1995) ; c) indicators of eutrophic conditions, i.e., well adapted to low oxygen concentrations such as Cladopelma, Chironomus, and Phaenopsectra (Wiederholm, 1983) ; d) taxa characteristic of high altitudes, mainly represented by Nanocladius (Cranston, 1995) ; and e) other common genera such as Rheotanytarsus, and Tanytarsini genera varia. Genera of the Orthocladiinae (e.g., Nanocladius and Orthocladius) might be expected to be found in Lagoa Teobaldo because of its high altitude. Genera belonging to the subfamilies Tanypodinae and Chironominae were also found within the sediments (unpublished data) underneath the dense populations of Salvinia auriculata.
It was observed that the increase of allochthonous organic matter into the littoral zone during the rainy period enhanced resources available to the macroinvertebrate community by presenting new opportunities for colonization, refuge, and foraging. Increased inputs of allochthonous carbon directly results in an increase in Chironomidae larvae diversity. However, increased pressure from predators also occurred during the rainy season because of the increase in nymphae of Odonata and larvae of Ablabesmyia and Labrundinia (Table  1) . These observations are supported by increases registered in richness, equitability, and Shannon diversity index (p < 0.05) (Fig. 1) .
During the rainy period, the taxonomic composition of Chironomidae larvae associated with populations of Salvinia auriculata on the shorelines influenced by Eucalyptus plantations showed a decreased number of carnivorous taxa and an increase in general diversity (p < 0.05). In contrast, during the dry period, the number of carnivorous taxa increased and biodiversity decreased (p < 0.05). A similar trend was noted for the macrophyte community, associated with S. auriculata, bordered by natural vegetation (Fig. 1) .
Our results show a distinct relationship between shoreline vegetation, the composition of the macrofauna community, and the health and density of S. auriculata populations on the two shorelines. A more stable community structure was observed in the littoral zone bordered by natural vegetation (no significant changes in species composition and total area used between dry and rainy periods). For the littoral zone bordered by Eucalyptus plantations, populations of less developed S. auriculata occurred (lower number of leaves and less developed stand), with an associated community formed by organisms with smaller body size, lower diversity, and dominated basically by Chironomidae larvae and a few Odonata. Where the littoral zone is bordered by natural vegetation, the floating populations of S. auriculata are dense and have plants with more leaves and more developed stands. In this area, no differences were observed in the diversity of macroinvertebrates between the dry and rainy periods. Similar conclusions were reached by Humphries (1996) who found greater total abundance of individuals, taxonomic richness, and abundance of most of the commonest taxa of phytophilous macroinvertebrates in the macrophyte communities with the most complex structure. This author also stated that differences in total invertebrate abundance among macrophyte species cannot be explained only by differences in plant biomass or water depth. Other vegetational variables such as plant surface area, number of available microhabitats, and/or other factors may play a key role in macrofaunal colonization. In summary, our results clearly suggest that dense, healthy populations of S. auriculata can support higher diversity and more stable populations of macroinvertebrates. On the other hand, our results demonstrated a higher diversity of Chironomidae larvae associated with Salvinia auriculata at the littoral zone surrounded by Eucalyptus plantations when compared with the area surrounded by natural vegetation. This, suggests no impact of this planted vegetation on diversity of the Chironomid assemblage. However, changes in the community structure and taxonomic composition were evident, probably due to the differences in microhabitats and the pressure exerted by the carnivorous taxa (specially Tanypodinae).
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